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Tomato culturing trials often result in too many samples to analyse while fresh. The most common technique is to seal them in containers and preserve them by deepfreezing for subsequent analysis. An inter-laboratory study has been made of the effect of freezing for various lengths of time on a number of compositional factors. Tests for soluble solid~, dry matter content, electrical conductivity, titratabJe acidity, potassium, pH, ·glucose, fructose, sucrose, total N and Vitamin C in frozen tomatoes indicated that the levels of m:ost-of the.se Constituents remained relatively .constant during frozen storage and were similar to values found in the fruit prior to freezing. When the tomatoes were frozen as a puree it was -essential to thaw them in the stabilising/ extracting solution used in the Vitamin C analytical procedure, otherwise there was a large loss in ascorbic acid.
-1. Introduction
Much has been published about the compositional changes occurring in deep frozen foods 1 -4 during storage in relation to quality retention and nutritive· value; similarly, there are extensive data on biochemical changes and compositional values 6 • 6 for fresh tomatoes. However, relatively few data exist on the use of frozen storage for holding material for compositional analysis at a later date; one preliminary report suggests that titratable acidity values for tomatoes may change during frozen storage. 7 For this reason it was decided to carry out an inter-laboratory study on the possible changes in some compositional values of tomato fruit stored in deep-freeze cabinets over a period of 21 weeks. The participating laboratories were taking part in research projects on tomatoes as part of the Agrof'ood Programme of the Standing Committee for Agricultural Research {SCAR) of the EEC.
Experimental
The laboratories taking part in the study were located at ·-station de Technologie C.R.A. d' A vignon, Franc~. at Kinsealy Resear-ch Centre, Ireland and at Place Croix du -sud, Louvain~La-Neuve. Belgium and are referred to as Laboratory F, Laboratory lrl and Laboratory Bin this paper.
Design of study
Det~ils of the study were circulated from Laboratory Irl as follows: 2 freezing treatments x 5 testing dates x 5 replicates. The freezing treatments were {a) puree tomato fruit and then cabinet freeze or (b) freeze fruit whole and puree after thawing. Samples of the tomato fruit were tested as puree when fresh (week 0) and from frozen storage on weeks 1, 5, 11 and 19 or as near to these times as convenient.
a To whom reprint requests should be sent. 755 
Fruit samples
Tomato fruit of uniform ripeness from the same growing treatment were obtained; a sample comprised 10 fruits giving a total requirement of 500 fruits in each laboratory. Twenty-five lots were packed in groups of JO (as whole fruit) in triple polythene bags (i.e., 3 bags inside each other) and were frozen in a cabinet freezer at -20 to -25°C. The thickness of the polythene in each bag was 62.5 ,,m. The other 25 lots were pureed with a Kenwood Chef or similar blender for 2-3 min and were packed in the same fashion as the whole fruit. When required for testing, the samples were thawed by placing the bags in hot water (ea 80°C). Ten bags of tomato fruit (five of whole fruit and five of puri:e) were thawed and were tested on each of weeks 1, 5, 11 and 19.
Tests on the fruit
After thawiiig, the whole fruits were blended, as decribed in Section 2.2, to give a pur6e and tests. for percentage soluble solids (%SS), titratable acidity (TA), electrical conductivity (EC), pota.sium (K) and Vitamin C contents were performed on the puri:e.
Soluble solids were measured by refractometry. TA was measured using O.IM NaOH with phenolphthalein as indicator on a 5 g sample of puree diluted with distilled water (expressed as mEq 100 g-1 puree). Measurements for E.C were made at 20°C with a conductivity bridge, and the result~ expressed as micrOSiemens; the sample for testing was prepared by diluting 1 part puree with 9 part~ distilled water. (w/w). The same suspension (filtered) was used for the K estimation (expressed as mg 100 g-1 puree) which was carried out by flame photometry. Vitamin Ccontent of the purCe was determined qsing the 2,6-dichlorophenolindophenol (DIP) procedur.e. s, 9 
Additional tests and/or modifications
Tests for the dry_ matter content and pH of the tomato puree were carried out in Laboratory F_', as were two additional tests.relating to the Vitamin C estimation. In the first, test samples of pureed fruit, which-had been frozen for 11 and 21 weeks, wer~ thawed directly in the extracting medium of the DIP method and the figure obtained for Vitamin C compared with that for pureed tomato fruit thawed prior t() the addition of the extracting medium. In the second test, the loss of ascorbic acid during the thawing step was studied using a spectroftuorometric method 10 which allowed the assay of both a_scorbic and dehydroascorbic acid. The samples for this test were prepared by crushing tomato fruit under liquid nitrogen. Aliquots (5 g) were thawed and left at 40°C for 0-35 min before extraction.
In Laboratory B, tests were carried out on tomatoes which were frozen whole and then pureed after thawing; no tests were done on frozen puree. The puree made from the whole thawed tomatoes was not tested directly except for the dry matter estimation; the puree was hand pressed in a double layer of cheesecloth to yield juice which was used for a11 the other estimations. Soluble solids were not measured in Laboratory B but tests were carried out for total N (Kjeldahl procedure, expressed as mg N 10 mI-1 juice), glucose, fructose and sucrose. The sugars were estimated using the procedure. of Blakeney and Mutton. 11 3. Results 3.1. Laboratory F The results (Table I) show statistically significant changes in all of the factors tested (in the tomato purc~e) over the frozen storage period with the exception of EC and K content. Titratable acidity values fell over the period while dry matter content increased. Soluble solids content and pH values of the puree were fairly constant throughout with the exceptiqn of SS in week 11 when the value was much higher. It should.be noted that extreme values were obtained for 5 out of the 7 parameters in Laboratory Fin week 11. It seems that this was an effect brought afout by a change in the operator on that occasion. The Vitamin C values (Table !) fluctuated considerably ranging from 8. 77 in week 11 to 15.46 mg JOO g-1 in week 21. The low value of 8.77 mg prompted the additional Vitamin C a>Say outlined above (Section 2.4), where the sample was thawed in the extracting medium of the DIP method; the value now became 14.!6{mean of week II data, Table 2 ). This procedure was also used in week 21 and is responsible for the high Vitamin C value obtained on that occasion (Table I) , Statistically significant time x treatment interactions were found (Laboratory F) in the case of SS, DM, pH and Vitamin C content (Table I) . Inspection of the full data show that the SS values for fruit frozen whole (FFW) were the same as for fruit frozen as a puree (FFP) on the different testing dates with the exception of week 11 when FFW had a higher value. A similar situation was found for pH, the exception being week 21 when FFW had a higher pH than FFP. D M values for FFW were higher than those of FFP in weeks 0, 1 and 21 and lower in weeks 5 and 11. Vitamin C values for FFP were much lower in weeks I, 5 and I I than values for FFW. It should be noted that these inter- actions, while statistically significant, were not important in practical terms as they were relatively small effects; the one exception was in the case of Vitamin C ·content.
The changes in the Vitamin C content of the tomato fruit puree during slow thawing at 40°C are shown in Figure 1 . The content of ascorbic acid in the puree fell during the thawing period while that of dehydroascorbic· acid increased, indicating that the former was converted to the latter. When both were added together no loss of Vitamin C occurred over the thawing period.
There were only small differences between testing the samples as frozen puree vs frozen whole (Table 1) with the exception of Vitamin C content which was lower (P< 0.01) in the former.
Laboratory Irl
The results (Table J) show that there were statistically significant changes in SS, EC, K, TA and Vitamin C values of the tomato puree over the 19 week froz-en storage period. How-ever, inspection of the data reveals that, with the exception _of Vitamin C, differences were small in practical terms. There were no time x treatment interactions except in the case of Vitamin C content. This was caused by the very low Vitamin C levels obtained for fruit pureed before freezing compared with that frozen whole (see Table 4 ). on weeks I, 5, II and 19. Tomato fruit pureed before freezing showed a dramati_c fall in Vitamin C content ( Table 4 ) when thawed; presumably this was a function of the thawing procedure rather than the frozen storage treatment as shown in the Laboratory F results in Section 3:1_. The data (Table 4) show that no loss of Vitamin C occurred when the tomatoes were frozen whole and pureed after thawing; the thawing was not carried out in the DIP extracting medium in either the -whole or puree frozen fruit.
Values for SS, EC aµd K were the same for fruit frozen whole or as puree (Table 3) ; however TA values were lower (P<O.Ol) for fruit frozen whole.
Laboratory B
The data (Table 5) shO\Y no significant changes in ~he various factors tested in the. tomatoes {stored as whole fruit; tests on juice) over the frozen storage period with the exception of fructose ·content which was higher (i! < 0.0.1) at the last testing date and sucrose ·content which rose in weeks 2 and 6
(P < 0.05) and fell again at the 12 and 20 week testing stage. " Dry matter content estimated using fruit puree, all other tests on juice pressed from pure e. "One part juice diluted with 9 parts distilled water {w/w).
Discussion
The data from the three laboratories suggest that if tomato fruit are "frozen whole there seems to be little ch3.nge in the vari_ous characteristics tested over a "PC:riod of about 20 weeks with the exception _of dry matter content (Laboratory F), sucrose and fructose content (Laboratory B) and titratable acidity (Laboratories __ F and Irl). The incr~e in dry matter content during f-rozen storage suggests some desiccation. On tlie ·other hand it seems unlikely that triple polythene bags would permit this. Howeve'r, this result suggests that sealed glass containers might have been preferable to polythene.
The .suc~ose levels obtained in Laboratory B were unusually high as values over 0.1 % have rarely been reported. The levels were not checked by an alternative analytical procedure but the relative values from one test date to another are the most relevant in this study. While potassium was the only element estimated it can be assumed that other elements would behave in the same way and their concentration in the fresh fruit would be similar to that in the frozen.
The findings agree with those of Crivelli et al. 4 for frozen strawberries. They reported values for titratable acidity, pH and total sugars of 0.82%, 3.5 and 4.2%, respectively, in fresh strawberries corresponding values after 5 months storage at -20"C were 0.805%, 3.6 and 3.9% and after 10 months, 0.789%, 3.6 and 4.1 %.
Data similar to those found for tomatoes frozen whole were also obtained for tomatoes frozen as puree. It was decided to test fruit pureed before freezing as it is easier to puree fruit at this stage than when whole tomatoes are thawing and releasing a lot of 'drip' liquid. However, this procedure has the disadvantage that it may promote efl.?:yme action. The procedure used for the Vitamin C determination is more important in the case of the frozen puree with emphasis on thawing the puree in the extracting medium of the DIP test procedure. The loss in Vitamin C in frozen pur-6ed tomatOes reported in this study see~ to have occurred dur~ng thawing and not during the period of frozen storage. Crivelli et al. 4 have shown a loss of Vitamin C in frozen strawberries held at -20°C with values of 38 mg 100 g-1 for the fresh fruit compared with values of 32 mg and 25 mg after 5 and 10 months frozen storage respectively.
Since the method of thawing frozen tomato fruit puree influences the Vitamin C content the practice of using frozen storage as a holding method for tomatoes and other fruit which are to be analysed for their more unstable constituents, e.g. certain vitamiris, pigments and other readily oxidisable materials, must be questioned. Therefore, it is desirable that such constituents should be quantified in the fresh fruit where possible. If freezing has to be used as a holding procedure then precautions must be taken to prevent enzymic degradation, exacerbated by maceration of the tissues.
Preservation of the m.iterial in 80 % ~queous ethanol, either in sealed cans or in other containers, may also be used as an alternative to freezing.
